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HEAT SINK FOR ENHANCED HEAT DISSIPATION 
BACKGROUND 

[0001] Electronic devices, such as microprocessors, microcontrollers, input/output 
devices, and memory devices, have become increasingly more powerful. For optimal 
performance, such devices operate at high clock speeds. Increased speeds lead to 
increased power usage by devices, which in turn means that a greater amount of heat is 
generated by such devices during operation. An effective heat dissipation mechanism is 
thus needed to prevent excessive heat buildup in the devices, which may damage the 
devices or reduce their reliability. Operational integrity can also be adversely affected 
when a device is overheated. 

[0002] One type of heat dissipation mechanism includes an airflow generator to force a 
flow of air in a system. Heat sinks are thermally contacted to heat-producing devices to 
increase heat dissipation with extended surface area. As heat dissipation loads of devices 
(such as high performance mircoprocessors, system controllers, and so forth) continue to 
increase, larger heat sinks are needed. Large heat sinks tend to be relatively heavy. This 
is particularly the case for large heat sinks formed of thermally conductive metals, such 
as copper or aluminum. 

[0003] When mounted directly on components, heavy heat sinks can cause reliability 
problems. For example, certain types of integrated circuit (IC) packages are easily 
damaged by the pressure and torque applied by a heavy heat sink, both during static 
operating conditions and during transit conditions (e.g., shipping). Further, a heavy heat 
sink can damage the connection between a component and a board on which the 
component is mounted. Also, if several heavy heat sinks are located on a circuit board, 
the weight of the heat sinks can deform the circuit board, which reduces reliability of the 
circuit board. 

[0004] Additionally, heavy heat sinks usually require relatively complex and costly 
retention and support mechanisms within the system. Various constraints thus serve to 
limit the size and weight of heat dissipation components and potentially the effectiveness 
of such heat dissipation components. 
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SUMMARY 

[0004] In general, a heat sink is provided for enhanced heat dissipation while using more 
lightweight and cost-effective materials. For example, a heat sink assembly includes a 
heat conduit and a block formed of a thermally conductive material. The heat conduit 
extends through a substantial portion of the block. 

[0005] Other or alternative features will become apparent from the following description, 
from the drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] Fig. 1 illustrates a portion of a conventional heat sink. 

[0007] Fig. 2 illustrates an example system having heat-producing devices with heat 
sinks mounted on the devices. 

[0008] Fig. 3 is a perspective view of a portion of a heat sink in accordance with an 
embodiment. 

[0009] Fig. 4 is a perspective view of a fully assembled heat sink in accordance with an 
embodiment. 

[0010] Fig. 5 is a cross-sectional view of the heat sink of Fig. 4. 

[001 1] Fig. 6 illustrates an example heat pipe useable in the heat sink of Fig. 4. 

DETAILED DESCRIPTION 
[0012] In the following description, numerous details are set forth to provide an 
understanding of the present invention. However, it is to be understood by those skilled 
in the art that the present invention may be practiced without these details and that 
numerous variations or modifications from the described embodiments may be possible. 

[0013] In accordance with some embodiments of the invention, heat sinks formed of 
relatively lightweight and cost-effective materials are used. In one embodiment, the 
lightweight material includes a non-metallic material such as thermally conductive 
polymer. One example of a thermally conductive polymer is COOLPOLY® from Cool 



Polymers Inc., in Warwick, Rhode Island. Thermally conductive polymer can offer heat 
transfer capabilities comparable to some metals and ceramics. However, thermally 
conductive polymer is generally more lightweight than typical metals and ceramics used 
in heat sink applications. In addition, thermally conductive polymer is relatively cost 
effective. It also has the benefit of increased flexibility of use, ease of molding to a 
desired shape, and relatively low thermal expansion (when compared to metals). 

[0014] The heat transfer capacity of thermally conductive polymer is comparable to the 
thermal conductivity of some metals, such as aluminum. The thermal conductivity of 
thermally conductive polymer can reach up to about 100 W/mK (watts per meter-kelvin). 
This is similar to the thermal conductivity of die-cast aluminum, and close to the thermal 
conductivity of extruded aluminum (conductivity of about 160 W/mK). Pure copper has 
a thermal conductivity of about 400 W/mK. 

[0015] Fig. 1 shows a conventional heat sink design, which includes a heat sink base 10 
and a heat sink fin 12. A typical heat sink has a base attached to multiple heat sink fins. 
A first end 14 of the heat sink fin 12, which is contacted to the heat sink base 10, is at a 
temperature Ti, and a second end 16 of the heat sink fin 12 is at temperature T 2 . As 
indicated by arrows 18, air flows over exposed surfaces of the heat sink fin 12. The 
temperature of the airflow is T air . 

[0016] Given the above parameters, the average temperature T ave of the heat sink fin 12 is 
expressed by the following equation: 

T tw = (Ti+T2y2. 

[0017] The thermal energy transferred (P) from the heat sink fin 12 is expressed by the 
following equation: 

P = Ah(T ave -T air ), 

where A is the surface area exposed to airflow and h is the heat transfer coefficient 
proportional to airflow velocity. The parameter h can be viewed as the efficiency of the 
heat transfer process from a solid surface represented by T ave to fluid represented by T a j r . 
Given the same airflow and heat sink geometry, maximum convective heat transfer is 



achieved when T ave reaches maximum, or when T 2 approaches TV Using a heat sink fin 
12 formed of a material having high thermal conductivity reduces the temperature 
difference along the length (L) of the heat sink fin 12. The length L is the heat 
conduction distance of the heat sink fin 12. 

[0018] Typically, materials with relatively low thermal conductivity, such as thermally 
conductive polymer, are used for low performance heat sinks used in low power usage 
applications. For high-power applications (e.g., a device or chip that generates more than 
100 W), heat sinks formed of materials with high thermal conductivity (e.g., copper or 
aluminum) are typically used. However, copper is relatively expensive and can be quite 
heavy if the heat sink is large. A heavy heat sink adds to the weight of the overall 
system, and in addition, creates reliability problems due to potential damage to integrated 
circuit (IC) packaging, connections between IC devices and a board, and the board itself. 

[0019] Assuming the heat sink fin 12 has a width (W), a height (H), and the length (L), 
the energy transferred by the conduction process through the heat sink fin 12 can be 
simplified and expressed as follows: 

P = (W x H) k (AT/L), 
where k is the thermal conductivity of the material, and AT represents Ti - T 2 . The 
parameter k is the efficiency of the heat transfer process from one point or surface 
represented by Ti to the other point or surface represented by Ti through the material. L 
is the conduction distance from the base 10 to the outer edge 16 of the heat sink fin 12. 
Any temperature difference AT is developed across the conduction length. 

[0020] Assuming the power input is known (P), then an effective temperature difference 
AT for dissipating heat generated by the power input P is as follows: 

AT = (PxL)/(WxHxk)=-x J^xl^ 

k WxH 

[0021] According to the equation above, the conduction distance L has to change with 
material thermal conductivity k to maintain a fixed temperature drop AT when the cross- 
sectional area (WxH) is fixed. Generally, AT is increased with a decrease in k or an 
increase in L. The higher the conductivity k of the material (such as the conductivity of 



copper), the greater can be the distance L (and thus the larger the surface area exposed to 
airflow) to maintain the same AT. In other words, for the heat sink fin 12 formed of a 
material with high thermal conductivity, the conduction distance L can be made larger to 
increase surface area for enhanced heat transfer. 

[0022] On the other hand, for materials having relatively low thermal conductivity, such 
as thermally conductive polymer, the distance L has to be relatively short to maintain a 
target AT. A large temperature drop across the heat sink fin 12 leads to ineffective heat 
dissipation. However, the problem with having a relatively short heat sink fin (L is 
small) is that the surface area of the heat sink fin 12 exposed to airflow is reduced and 
thus power dissipation is reduced. 

[0023] To address these issues, an improved heat sink according to some embodiments of 
the invention utilizes heat pipes (or other types of heat conduits, materials, heat transfer 
media with high heat transfer efficiency or high effective thermal conductivity) in 
conjunction with a material of relatively low thermal conductivity, such as thermally 
conductive polymer, to achieve satisfactory heat dissipation in high performance 
applications. Examples of high performance applications include systems such as 
mainframe computers, servers, desktop systems, and other systems having chips or 
devices that are capable of generating greater than 100 W per device or chip. In such 
systems, the devices (e.g., microprocessors, system controllers, etc.) operate at relatively 
high frequencies, which lead to high power usage. 

[0024] Note, however, that other embodiments are not necessarily limited to high power 
applications. Such other embodiments can be used in low power applications. 

[0025] Fig. 2 illustrates a system 100 that has a circuit board 102 with heat generating 
components (such as integrated circuit or IC devices) 104 mounted on the circuit board 
102. To dissipate heat from such components, heat sinks 106 are mounted on the devices 
104. An airflow generator 101 (e.g., a fan) generates an airflow to dissipate heat from the 
heat sinks 106. 
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[0026] In other embodiments, the heat sinks 106 do not have to be mounted on the 
devices 104. For example, a heat sink 108 can be remotely located with heat transferred 
from a device 104 to the remotely located heat sink 108, by use of a heat pipe or other 
heat conduit 107. The transferred heat is dissipated by the heat sink 108. 

[0027] Fig. 3 shows a portion of the heat sink 106. This portion includes heat pipes 1 10, 
which are thermally contacted to a heat-producing device 104. A similar arrangement 
can be used for the remote heat sink 108 where heat pipes 1 10 coincide with heat pipes 
107. Each heat pipe 1 10 has two portions (1 10A and 1 10B), which are angled or bent 
with respect to each other. In the illustrated embodiment, the portions 1 10A and 1 10B 
are generally perpendicular to each other. However, in other embodiments, other 
arrangements of the heat pipe portions 1 10A and 1 10B are possible. The heat pipe 
portion 1 1 0B is contacted to a surface 1 12 of the heat-producing device 104. The heat 
received by the heat pipe portion 1 1 0B is transferred along the length of the heat pipe 
110. 

[0028] A heat pipe has very high thermal conductivity. In some cases, a heat pipe has a 
thermal conductivity that is several orders of magnitude higher than copper. For 
example, as noted above, copper has a thermal conductivity of about 400 W/mK, while a 
heat pipe can have a thermal conductivity of greater than 10,000 W/mK. Generally, a 
heat pipe is a tubular structure having an inner bore through which vapor can flow, as 
well as a wick structure along the inner wall of the tubular structure in which fluid 
travels. Combined, the movement of the vapor and fluid within the tubular structure 
effectively transfers heat from one end to the other. Heat pipes can also have shapes 
other than a tubular shape. An example heat pipe is further described below in 
conjunction with Fig. 6. 

[0029] In an alternative embodiment, another type of heat conduit, other than the heat 
pipe 1 10, can be used. Generally, a "heat conduit" is any conduit having relatively high 
thermal conductivity that is able to transfer or carry heat from one point to another point. 
Instead of a tubular structure with an inner bore for fluid flow, as in the case of a heat 
pipe, other embodiments of a heat conduit include a solid rod or other elongated member 



formed of a material with a relatively high thermal conductivity. Thus, as shown in Fig. 
3, the heat pipes 110 can be replaced with heat conduits that are solid metal rods, which 
can be formed of copper or other high thermal conductivity metals. Also, as used here, 
an "elongated heat conduit" refers to a heat conduit that is relatively long and narrow, and 
has a length along which heat transfer occurs. 

[0030] "Thermal communication" or "thermal contact" refers to any coupling between 
one component and another component that enables relatively efficient transfer of heat 
between the components. The components can be directly thermally contacted with each 
other, or they may be indirectly contacted (such as through a thermally conductive layer, 
block, or conduit). 

[0031] One characteristic of each of the heat pipes 110 shown in Fig. 3 (or other heat 
conduits used in place of the heat pipes) is that the temperature at one end of the heat pipe 
1 10 is substantially the same as the temperature at the other end of the heat pipe 1 10. In 

other words, the temperature at one end of the heat pipe portion 1 10A (closes to a heat 

sauce e.g., the device 104) is substantially the same as the temperature at the other end of 
the heat pipe portion 1 10A. Thus, for purposes of this discussion, it can be assumed that 
the temperature along the entire length of each of the heat pipes 1 10 is substantially 
constant, with little temperature difference across the heat pipe due to its high thermal 
conductivity. 

[0032] As further shown in Fig. 4, the heat pipes 1 10 (or portions of the heat pipes 110) 
are embedded in a heat sink block 120 that is formed of a material that has a thermal 
conductivity less than that of each heat pipe 110. One example material that can be used 
to form the heat sink block 120 is thermally conductive polymer. Other materials can 
also be used, such as aluminum, ceramics, or other metals or non-metals. Copper is also 
a material that can be used in other embodiments. In some embodiments, the material for 
the heat sink block 120 has a thermal conductivity k, where k is greater than or equal to 
about 10 but less than or equal to about 100. In other embodiments, the block 120 can be 
formed of a material with a conductivity k greater than 100 or less than 10. 



7 



[0033] In the illustrated embodiment of Fig. 4, the heat sink block 120 has airflow 
channels 122, 124, and 126 extending through the heat sink block 120. The inner surface 
of the airflow channels 122, 124, and 126 serve as extended heat transfer area A ht . The 
airflow channels 122, 124, and 126 are designed to receive a flow of air generated by the 
airflow generator 101 (Fig. 2). The heat pipes 110 extend through support columns 130 
in the heat sink block 120 between airflow channels 122, 124, and 126. 

[0034] As shown, each pipe 110 extends through substantial portions of the heat sink 
block 120. As used here, a heat pipe or other heat conduit extending through a 
"substantial portion" of the block 120 refers to the heat pipe or other heat conduit 
extending through enough of the block 120 such that a segment of the block can be used 
to effectively dissipate heat from the heat pipe or other heat conduit to the airflow 
through extended surface area Aht- 

[0035] A cross-sectional view of the heat sink assembly 106 is shown in Fig. 5. The 
cross-sectional view shows the placement of the heat pipe portions 1 10A within the heat 
sink block 120. 

[0036] A benefit of the heat sink design shown in Fig. 4 is that the effective conduction 
distances L of segments of the heat sink block 120 are reduced, so that heat dissipation 
capacity is enhanced even though a material of a relatively low thermal conductivity is 
used. With the design shown in Fig. 4, the heat sink block 120 is effectively divided into 
four segments: a first segment 132, a second segment 134, a third segment 136, and a 
fourth segment 138. A first pair of heat pipe 1 10 (on the left side of the diagram) divides 
the first and second segments 132 and 134. A second pair of the heat pipes (on the right 
side of the diagram) divides the third and fourth segments 136 and 138. In each segment, 
the surface area Aht exposed to airflow is increased by using the airflow channels 122, 
124, or 126. 

[0037] The heat sink block 120 has two horizontal axes X and Y and a vertical axis Z. 
The heat pipe portions HOB extend generally in the plane formed by the horizontal axes 
X and Y, while the heat pipe portions 1 10A extend generally along the vertical axis Z. 
The first segment 132 is defined between a first side edge 140 of the block 120 and 
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vertical line 146 representing where two of the heat sink portions HOB extend generally 
vertically. The second segment 134 is defined between the line 146 and a center vertical 
line 144 that divides the block 120 into two vertical halves. The third segment 136 is 
defined between the line 144 and a line 148 representing where two other heat sink 
portions HOB extend generally vertically. The fourth segment 138 is defined between 
the line 148 and another side edge 142 of the block 120. 

[0038] The segment 132 has a conduction distance LI from the line 146 to the outer edge 
140 of the heat sink segment 132. Heat is conducted from the heat pipe portions 1 1 0B to 
the side edge 140. The temperature difference AT in the segment 132 developed across 
the conduction distance LI is reduced by making LI relatively small 

[0039] The second segment 134 has a conduction distance L2 from its base (at line 146) 
h to the outer edge of the segment 134 (at line 144). The third segment 136 has a 
rf conduction distance L3 from its base (at line 148) to the outer edge of the segment (at 
CP line 144). The fourth segment 138 has a conduction distance L4 from its base (at line 

ry 148) to the outer edge of the segment (at edge 142). 

[0040] By extending the heat pipe portions through the heat sink block 120 to divide the 
111 block 120 into segments for dissipating heat from the heat pipe portions, the conduction 
h- distances are made relatively small so that efficient heat dissipation can be achieved even 

fj with materials of relatively low thermal conductivity, 

[0041] In one embodiment, the conduction distances LI, L2, L3, and L4 are made 
generally the same. In other embodiments, LI, L2, L3, and L4 can have different values. 
The heat pipe portions 1 10A and 1 10B can be in forms other than straight sections. The 
portions 1 10A and HOB may be generally S-shaped, can be formed as loops, or can have 
other different shapes. The portion 1 10B can be looped to cover a larger area of the 
surface 1 12 in the horizontal plane to maximize contact with the heat transfer area, and 
the portion 1 10A can fully extend through the three-dimensional space for the purpose of 
minimizing conduction distance within the block 120. 
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[0042] In another embodiment, the tips of the heat pipes are thermally contacted with the 
surface 1 12 of the heat source 104, with the rest of the heat pipes 1 10A going straight or 
looped inside the block 120. 

[0043] Fig. 6 shows one embodiment a heat pipe 110. The heat pipe has a central bore 
200 through which fluid (e.g., vapor) is able to flow. Typically, the heat pipe is sealed, 
with the inside of the heat pipe filled with a quantity of working fluid. The heat pipe 110 
has an evaporating end 202 and a condensing end 204. The evaporating end 202 is 
coupled to the heat source (e.g., device 104), and the condensing end 204 is coupled to a 
heat dissipator (e.g., heat sink block 120). 

[0044] The heat pipe 100 has an outer layer 206 formed of a thermally conductive 
material (e.g., copper or other thermally conductive metal or non-metal). Inside the outer 
layer 206 is an inner layer 208 that includes a wick structure. The wick structure can be 
implemented with wire meshes, sintered powders, longitudinal grooves, or screens. 

[0045] The environment within the heat pipe is set by an equilibrium of liquid and vapor. 
In operation, vapor heated at the evaporating end 202 causes a pressure gradient to be 
created between the evaporating end and condensing end, which causes the vapor to flow 
through the bore 200 from the evaporating end 202 to the condensing end 204. Cooled 
liquid returns through the wick structure in the inner layer 208 from the evaporating end 
204 to the evaporating end 202. 

[0046] While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended claims cover such modifications 
and variations as fall within the true spirit and scope of the invention. 
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